IHTl'EEii, CE- BEjIVffi® F IBM 1800 
A m PliA SEB i ESii-I A KIEMM 


Submi'tted 

■ ■ ■■ ■ •,!" . ■ 

" . ■“' ' !t ', fe- ■■ ■ 

li} Pa yt la 1 Julf lime ni ol t he He qu ii e me nt 
>■ lor •the Degree, ol 


Ma si e r ol le c hnology ^ 


by 

E, GOVIEDAEIJUIU 
1o the 

De-par1men1 ol Eleciriea.l Engineering 
Indian Inetilule dl' Iqchnology Kanpur 

August 1972 



C e X ■t i 1 i cate 


This is to certify that the thesis 
entitled 'Interface between IBM 1800 a rd 
Phased Array iinte nna ' is a record of the work 
carried out under our supervision and that it 
has not been submitted elsewhere for a degree. 


la MoUciVioTa 


H,N. Mahabala 
Head 

Computer Centre 
III* Kanpur 


H.C. Mathur 


iissociate Professor 
Department of Electrical Engg. 
I. I. I. Kanpur 




6i 7H1 


EE- M'<S)OV-i:hT 



■A cknowle d ge me nt 

lam extremely grateful to Dr. K.-C.Mathur 
and Be. H.l-I. Mahadala lor their valuable guidance 
of the project, I am aleo grateful to Dr. B. Praeada 
for providing facilities to work on this project 
under aCES. ’ 

I am highly appreciative of the help rendered 
by ]yir . P.VJi.M.D. iTaraeinkiam throughout the project. 

I am also thankful to Jlr.E. Swarup and I(ir. E.P. Singh 
lor their assistance during the fabrication and testing 
phases of the project. 


B, Govindarajulu 



Sgble of Contents 


Ijist of Jlguie s . , 

Iifst of Tat) lee », 

Ghsptei I lDt3:o^uctlon 

Ghaptej: II Sj^stem leeign fo? the 
Interface foi 256 
Sleme nt iixay , , 

Chapter III Design for 16 Element 

Chaptei: 17 Copcitisions «« 

:gi't)iiography • * 



VI 




Lisi: oi Figures 


Se i; ia 1 

Kfo. 


Page 

1 . 

1,1 

Functional Block Biagiam of 




Flectionic Scanning Radai System 

3 

2, 

2.1 

Functional Block Biagiam ol the 




Interlace 

8 

3. 

2.2 

Array letails 

10 

4 . 

2.3 

Format ol C'^'Otiol Register and 




Data Register 

12 

5. 

2.4 

Format ol Azimuth and Elevation in 




BCD Form 

14 

6. 

2.5 

Address Decoder 

15 

7. 

2.6 

Control Logic 

17 

8. 

2.7 

Byte iddress Bullering 

20 

9. 

2.8 

4 Bits ol Data Register 

21 

10. 

2.9 

Bullering Arrangement l-or Data 




Ready Pulse 

22 

11 . 

2.10 

Bang Command Bullering 

23 

12. 

3.1 

Input Duller 

25 

13. 

3.2 

Input Inverters 

26 

14. 

3.3 

Dual 4 Bit Shilt Register 

28 

15. 

3.4 

¥ord Address 

29 

16. 

5.5 

Control Logic 

31 

17. 

3.6 

Data Pannel 

37 



VII 


Li si: of Table b 



Sl«B'o . 


1 . 

3.1 

Back Pannel Veiling 

(Cage 1) 

32 

2, 

3.2 

Beck Pa nme 1 \J ii i ng 

( Cage 2 ) 

53 

3. 

3.3 

Intexconnecfion between Cages and 

the Pxont Pannel 

35 



A echeme is pxopoeed iox i:h€ intexfaoe 
■between the CorajH;tei ( IBM 1800 } an^ phaee shifter 
of a 256 element phased array antenna, Ihe design 
ie implemented with Ell gates and llip-flope for a 
16 element array. The 16 element interface allows 
lequcniial and Eandom loading of the phase shifter 
registers. Design considerations for extension of 
the interface for larger arrays are discussed. 
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C HAP I'EE, I 
IBEHODUCglOI 

In leceni; years "the growing need lor ladars io 
provide longer deiecision ranges and las-ter daia raies 
( short reaction times ) and accomodate increased target 
densities has resulted in new approach to radar design. Most 
promising ol these approaches is electronic scanning. With 
electronic scanning, it is possible to obtain practically ‘ 
instantaneous slewing ol an antenna beam to any position in 
a designated sector. Electronic scanning, is delined as a 
method ol positioning an electromagnetic beam in space by 
electronic means with the antenna apperture remaining lixed 
in space and no mechanical mechanism involved in the scanning 
process. 

Electronic scanning radars are characterized by 
increased apperture size, greater radiating power Irom. , 
thousands ol radiating e*le:.i!-:ints, laster data rates ( reaction 
times ) because ol inerti^css scanning a rd increased 
multimode operation, Ihe three basic electronic Bcanning 
techniques are phase ( real time , a special case ) , Ire que my 
and electronic feed switching. In a phase scanning eystem 
the beam is positioned electronically by adjusting the 
dillerential phase between elements ol an array in a 
predetermined manner. A unique beam position corresponds to a 
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progressive phase ehiit setting in the network feeding the 
array, hiany phased arrays are designed to use digital or 
digitized phase shifters in which the phase shift varies 
in discete steps rather than continuously* Most of the 
phased array applications require narrow heam and hence 
many elements. This gives the first problem: how to feed 
10^, 10^ or 10^ elements? 

The electronically controlled phased array radar 
antenna has received considerable attention in the last 
decade. Eequiring no mechanical motion for steering, it oan 
scan in microseconds or with some phase control elements in 
panose c end s; oven multiple beams can be formed e lectriooibally. 
In future , for almost every antenna steering application the 
electronically steered array will be desired provided cost, 
reliability, power handling capability, band width and 
insertion losses can be made comparable with the mechanical 
system* it present, only the electronic array can be used 
to achieve microsecond steering. Using an electronic 
scanning radar to perform several functions with a beam 
that ca n be positioned in microseconds necessitate digital 
computer control and most electronic scanning radar systems 
are particularly well adopted and de eigne d for such control. 
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ii generalized tunctional block diagram oi 
iilectronic ecanning radar syetem is given in Jiguxe 4,1. 

'Ihe main subsysieros are 

(1) irray an’tenna 

(2) Beam Steering unit (Special purpose Computer ) 

(3) Transmitter 

(4) Eeceiver 

(5) General purpose computer 

(6) Input/Output interlace 

(7) Control console and displays 

The beam steering unit includes computer controlled 
sell checking equipment to permit detection and reporting ol 
equipment lailures to the system computer. 

The prime requirements lor steering a phased array 
antenna is the generation ol the appropriate phase vaXues 
lor all elements -within the array, A special purpose computer 
relerred to as the beam steering computer (BSG), is commonly 
used to generate these phase values alter receiving prime 
steering data Irom an external source such as a general 
purpose computer. The general purpose computer translere 
two basic steering commands which permit the positioning ol 
the beam in two dimensions. Typically these two commands 
consist ol the new values ol angles in the basic a z limit ha 1 
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and elevation direction. Having received the data in the 
loim oi phage diitexenceg between adjacent rows ox columns, 
it i£ the function of the BSC to multiply by all Integexs 
upto the maximum number of rowe or columns and then sum the 
appropriate values to determine the actual phase f cm each 
element in the array, ihe time required fern computation is 
usually dicta-ted by the overall system requirements while the 
equipment complexity must be minimized in the interest of 
cost, weight and reliability. 

The interface, between the BSC and the phased array 
consists of two sections of element registers. These consist , 
of a shift register for each element, is the first section is 
being conditioned, the second section is comnanding all of the 
array elements to the previous pointing angle » When a new 
angle command is to he executed, the contents of the first 
section of the buffer are jammed into the second section of 
t he huf fe r . 

The scope of the project is to design a scheme for 
the interface for transfering 64 words of 16 hits each to 
the phase shifters of 256 element array and to fabiicate an 
experimental hardware for 4 words transfer. 



6 


CHA PTEB II 

SYSBBM PBSICT B OB THB IMEBEaCE BO B 256 
EpMNT ABBAY 

It is requixed ip design an interlace laeiveen the 
the IBM 1800 data acquisition and contxol syetsin and the 
phase shilters of the 256 element axxay* Bata to he 
txansfemxed is loux hits pex phase shiftei element. The 
digital and analog output (Bi^O) feature of IBM 1800 pxov ides 
xegister output hy means of which digital information is 
transferred from core storage to the sixteen hit output 
registers. The loading of a 16-hit output register is 
signalled (indicated) hy a 'Bata Beady Pulse ' which comes 
from the processor-controller. Ihe data transfer to the 
external custumer device can he under data channel operation 
or direct program control. In data channel operation the 
data transfer is initiated hy an XIO instruction where as 
in direct program control every data word transfer 
requires the execution of an XIO instruction. In direct 
program control execution of each XIO requires about 10 to 12 
microseconds. In data chanrsl operation the speed can he 
improved i 
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Timi ng con adeiaisi ons ; 

A typical xeqUlcement ol a phased ariay r.ada32 

is 10C0 beam poeitione pei: second allowing 1 millisecond 

in each beam position. I'd a phased axiay Eadar of 256 

elements with 4 bits pen phase shifter, 64, 16-bit word 

transfere are required. If output is under a data channel 

it “takes (64x4) 256 miciJoseconds for this transiex which 

is well with in the limits of the requirements, Even in 

@ 

direct program control operation it takes 710 microseconds 
which, is also within the requirements. 

It is proposed to take the output of two 
digital output registers of IBM 1800 system one ■'f them 

f* ■ ■ ■ 

being used as 'Control Eegister* a rd the other a' the 

'Bata Eegieter'. The interface facilitates the loading of 

the array in two modes namely sequent ial a n3 random. In the 

sequential loading phase shifters are loaded eequentially 

and the phase shift for all' elements have to be suppliedi. 

In the random loading , only those , phase shifters 'that 

are selected by the 'Control Eegieter' are loaded* Band om 

loading is desirable in cases where only a few phase 

shifters need updating to steer the beam into new posit ion . 

The functional block diagram of the scheme proposed 

" 3rirrdaTa”'Cha1nn^l ope ration" it takes 4 microse c on'l3s 
(minimum), for each data word transfer. 

@ In direct program control it takes about 11 microseconds 
for each data word transfer. 



(eiayed 

Data 

Ready 

Pulse 



FIG.21 . Functional block diagram of the interface 
5. L . Sequential loading. 









ior the inteiface is shown in liguxe 2— 1«. 

jgnia y of Eleme n t Begieteie ! 

In a phased axjcay antenna the heani position 
depends upon the digital data led to the (256 in this case) 
phase shiitexs ol the array each ol which requires 4 hit data 
I'o steer the heam int o a new position 256 x 4 new data hits 
must all he loaded simultaneously. Since computer supplies 
16 hits a time it is necessary to accumulate 64 "words into 
a huifer he lore applying the same to the phase shilters. 

II the huller is not provided and the phase shilters are 
loaded directly with the new phase commands then the 
heam takes undesired positions helore it attains the new 
position unless the transmission is stopped during the 
loading phase. Suspension ol transmission reduces the time 
lor which the area can he used to operate the radar. Hence 
the huller is provided so that it can he loaded eo,quentially 
withoutdisturhing the settings ol the phase shilters which, 
command the heam to the previous pointing angle * ¥hen 
all the hullers are completeLy loaded with the new phase 
comnsnds, the inlormation Irom the huller is translerred 
to the phase shilters so that the heam is steered to the 
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Thexeloie an array oi 16 x 16 dual 4 toil: shi^*t 
regis-ters is employedi Ihe array detaile are shown Ifi 
i'igure 2.2, She Bulls r section ol “the dual 4-'bi't registers 
is loaded serially* On completion ol serial loading the 
conte nte ol the Buller section are all transferred to the 
phase Ihiltere with a single pulse referred to as 'Bang Commad'* 

Contr ol and Bata Besisters ; 

Ihe *Contr oj. Eegister ’ sets the mode of O'peration 
(se^Ueii’l tal or random) and enables the array to accept data 
whidh. comeh fjspm th® ’Beta Eegister’. Ihe format ol the 
•Coptffl ;p@gigter’ is given below in ligure 2 ..3(a') * 



r 

U4 



BBoilB.ic Tp® j I 

f ! j 

Hi 

HI 

■HHHHHHHHHI 

. . ... ... ■ . 

...i, u L__ 


■ 

Word iddrees Bjfte iddress 

Op Oomp * Operatioi& Complete 


E-*!* = 0 SiL » 1 e ha bies Ea ndom ^.oading 

E.l* *= I S.L = 0 enahles Sequential Boading . 

Operation complete = 0 enables Bang Command* 

Ilgure 2, 3(a) Eormat of the ' Control Eegister ^ 
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The ’Tata Begistei’ <5ontain8 the informatioa to he 
tianeiexied to the phase shifters ( shown below in 
Figure 2.3(h) ), Jn -con junction with the data from the 
’Control Eegieter’ the 'Control logi-c’ directs the data 
into appropriate register of the array. 
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Y 



4n Byte 4n+l Byte 4n+2 Byte 4n^-3 Byte 


K = 0 ... 63 

Figure 2.3(h) Tata Begister Format. 

iifter transferring 64 words into the ’Tata Begister’ 
azimuth and elevation in BCT form are loaded into the 
'.Tata Begister’ a rd partially into the ’Control Begister’. 

The * .OiwCcmplete hit of the contr ol register v/hen 
turned off enahles the 'Control Logie ' t o exe cute 
’Bang Command ' , The zo*ro status of t he ’ Op— Complo te ’ hit • 
is also employed to ena hie the display of azimuth and angle 
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of elevaiion. fypical vmtwf #f ajgfjswth aB# ale^alio 
lie tietweeft j| 4i**. Ip ccx3e ih$ twp apglif i» BC3> form 
with sign Mts axf *#,4Uix«4# So 16 hit| of the 

'lata Begistex*' axfi «se<3 |ojp Ibis |>wi|>ose. The loimat 
is shown below i# • Ih-e B©-gistei’ is 

shown to contain aalftnth oi 55** anS elevation of -29°. 



lata Eegistex Containing Jzimutfe and elevation in BC® foim 

6ign 1 a foseitive 0 * Negative 

0 to 7 of lata Begietej 
8 to 15 of Data Begistet *. Elevation in .BCD 


j/ziauth in BCD 


FI1K3B1 2,4 











TO ADDRESS DECODER 

FIG.2-6(a) COUNTER AND CONTROL LOGIC. 
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iddxee s De co d ex; 

. The address Decoder gates the date from 
’Data Begister^ to the selected group of lour 4-'bit ■ 
Duller register. The address ol the selected group ol 
4-Dit Dullers cones Irom the ’Control Eegisler ’ in Band cm 
loading mode or Ir oili the 6 hit counter in the seque ntial 
loading mode. The 64 decoding tree is shown in Bigure 2.5* 

6 Bi t Cou nter : 

liter loadihg ol e'very data word into' Data 
Eegieter, computer sends out a 'Data Heady Pulse The 
’’Data Beady Pulse’ is delayed by ’D' (0.5 to 1.5) sec 
microsecond s, a nd led to the 6 bit counter. The delsyed 
’Data Beady Pulse' thus increments the counter to direct 
data words to successive groups ol 4-bit Bullers* The 
counter is shown in the circuit diagram ol control logic 
in Figure 2.6* The delay 'D' must be greater than the 
time required lor loading the addressed group ol 4-bit 
Duller registers and less than the time interval De tween 
two successive 'Data Beady Pulses', 0nder a Data Channel 
operation the minimum time interval Detween two 'Data 
Heady Pulse' is two microseconds. Hence delay 'D' can 
De in Detween 0^5 and 1.5 microseconds. 



Words 1 - 21 

22-42 

1^''" 

^ 43 “64 




I -21 

22-42 

43-64 


1 - 21 

22-42 


43-64 



Words 1-21 


|JXo___^ 22-42 

^ 43-64 


FIG, 2.7. BYTE ADDRESS BUFFERING 








nsO to 3 


OF DATA REGISTER. 



^ Words 0-5 


Data ready pulse 
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60 -63 


to control Ipaic 


THE DATA READY PULSE GOES TO THE 256 DUAL 4 BIT 

SHIFT REGISTER c c 

riQ 2,9 buffering ARRANGMENT for data READY PULSE 




FIG. 2.10. BANG COMMAND BUFFERING-THE BANG COMMAND 
TO DRIVE (256 X 4) FLIP -Fl^PS 
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Oontio l L ogic; 

The ‘Control Logic' executes the mode of loading 
as indicated in the control register. It also generatee 
the 'Delayed Pulse' and 'Bang Command'. The inputs to the 
Control Logic are S.L., E.L. 'Operation Complete' hits from 
the 'Control Register' and 'Data Ready Pulse' from the 
processor controller^ The logical diagram of the Control 
3j.ogic is shown in Figure 2,6. 

The Byte address, 'Data Register Output, 

'Data Ready Pulse' a nfl ‘Bang Command' have to feed a number 
of circuits and so need buffering to increase fanout. 

The bufferiE^ scheme used for this interface is shown in 
Fig. 2,.7r 2.8, 2.9, 2.10 respectively.' 






FjUL 99 00 
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CEAPm III 

DgSiGB' FOR 16 ELEMMT iBBAY 

£■761] ■though the eye'teni design Is for a 256 
element array, it was decided to implement only a 16-* 
element array in the first phase, so it is required to 
design an interface for the experimental axray of 16 phase 
shifters involving four 16”'bit word transfers with fom 
hits per phase ehifter,„ Since IBM 1800 system does not 
provide digital output, the digital input points of the 
converter are brought out# 

Input Buffer ; , 

lo avoid the loading on the registers of IBM1800, 
emitter followers axe designed and the circuit 
configuration is shown in ligure Four printed circuit 

hoards, containing eight emitter followers each, are used. 

Input Inverters ; 

I'o feed the Buffer, the data hits along with 
their compldments are required. The circuit diagram of 
an 'Input Inverter^ is shown in Figure 3 *2 « Two printed 
hoards accomodate all the necessary Buffers. 





lO 


O 















FIG.3.4.WORD ADDRESS 
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lixxQy o f shili x e gjLsiei e; 

I'oi the eixteen element array to he driven, lo«x 
word tranelere are required, Ihe circuit diagram oi a 
typical dual 4-hit shift register is shown in Eigure 3.5 « 

The clock pulse is applied to the flip-flops in the buffer 
section only when the group address, Byte address and the 
’Bata Heady Pulse’ are present^ iS printed circuit hoards 
contain the 16 dual 4-hit shift registers. 

Word address : 

Since there are four word transfers two address 
bite are sufficient. Corresponding to the tv;o hits, four 
address lines are derived. To enable data entry to a 
dual 4-hit Eegister, Byte address hit, two out of four 
address lines and *l)ata Ready Pulse’ are ended. If all the 
Byte address hits are ’o* (logical) then entire word 
can he loaded. The <;ircuit to obtain, the word addrees is 
in ligure 3,4 . Pour printed circuit hoards provide the , ^ 
addresses. 

Control Bogle : 

iis explained in Chapter— 2, depending, upon the 
status of the ’Control Register’ Control logic supervises 
the lata transfer,^ is there are :only four Bata Word transfers. 
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two bit bioaiy counter is required which is included 
in the Control Logic Card ( Figure 3,5 )» When the 
'operation complete’ bit is turned oii the 'Bang Command’ 
is generated and as it has to leed 64 ilip-ilop8» six 
buffers are used to increase the fanout. The 'Lata Ready 
Pulse* is delayed by 5 microseconds and applied to the two 
bit counter. Counter output goes to the Address Lecoder 
if S.L. bit is turned Off and SiL. bit is turned OS. 

Address is taken from Control Register if S.L bit is tur^d 
OJ'I and R.L bit is turned C>ff # The Control Logic also 

consists of the circuit to select the address from the 
•Control Register* or counter in accordance with conditions 
S#L bit turned ON. R.L bit turned Off or S.L bit turned Off 
R.L bit turned ON respectively. 

Physical Layout of the In ter face ; 

The interface consists of 29 printed circuit 
boards of x 4't** size which are housed in two cages 
niounted on 19” bud rack. The back pannel wiring of the 
22-pin connectors is shown in Tabl(S3.1 and 3.2 . 
Interconnection between the cages are done by transferring 

the contacts with the help of ejetender cards. The outputs o^ 

the interface i.e . the outputs and the ir oompleffle nte =»re 

all brought out and terminated in eight 16- pin connect ci 
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CX^tput complements of 
'1* word I! 

Out puis of *2’ word •' 


Ou’^put Complements of 
'2 ' word n 

Outputs of '3* word •• 

• Output ccmplanonts of 
’3 ’ word n 

Output from Computer (Data Eegister) 
Outpaat from computer (Coiatxol Eegistei^ 
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on the liont pannel# The signal interconnection between 
the cages and the front- pannel is shown in lable 5*3 * 

She front pannel also contains two l6-pin connectors to 
accept the computer output, i regulated D.G. power supply 
of 3.67, 3 amps, is mounted on the same rack. 

Testing of the Interface ; 

Testing of the interface requires the generation 
ol input signals a rd verification of the output. I'or this 
purpose a 16 bit Tata pannel is designed. This contains 
two rows of 16 toggle switches each, one to simulate 
‘Tata Register’ and the other to simulate ' Control ilCgiBliex * . 
Each toggle switch can apply 37 logical 1 or 07 logical O, 
The Tata Pannel also contains 16 lamp indicators (GEO 
display lamps) and two stage lamp drivers. The outputs 
of the toggle switches and the input to the indicator 
lamps are terminated on 16 pin connectors. Banana Sockets 
to externally access the indicator lamps axe also provioed. 
The lay out of the Tata pannel and two stages of a lamp 
dii^ox' bib shown in FiguxG 5^^ ♦ ■ 
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Lamp Supply Volliage 




o O O O O O O O o o o o o o o o 

oooooooooooooooo 

0 0 0 0 0 0 0 0 0 00 0 00 0 0 

/ ' Data Ee'gistex 

[id 0000 00000 000000 

O onixol 


logte inputs to Switches 


Esgistei 



The liist row of toggle ewitchee is ueed: as 
’Data Eegistci* and the SGcond row is used as the <Jontrol 
Eegister whose outputs are, plugged into the iront pannel 
ol the intC'Xiace • Ihc data to Toe loaded is set in th'-- 
iiist row oi switches and the control inior tion is set 

in the seccnd row ol switches^ 
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The ’.Data Beady Pulse’ is olrtained liom the 
TypB E116 piognammahle pulec generator, Tektrarix, hy 
operating it in the single pulee mode. Por each setting of 
the Data a n3 Control switches the Data Beady Pulse' is 
given twice, once with the operation complete switch in 1 
state and next time in 'O’ state* The iiret pulse transfers 
the data into the Buffers selected and the second pulec 
shifts the data to the phase shifter registers. 

The settings of the address switches of the 
'Control Eegister' indicate the address of the 16 hit register 
into which the information from the 'Data Eegister' will 
he loaded. In the front pannel the 16-pin connector where the 
outputs of the addressed 16 hit register are termined, can 
he identified. By connecting the lamp indicator chord to 
the selected 16-pin connector, the data entry into the 
addressed phase shifter ca n he te sted . Bor different 
settings of the Byte address switches, the data entry into 
the inaividual Dual, 4-hit shift registers is verified. 

Same test is repeated for different data and addresses. 

*The 16-h)it Eegister is a group of four Dual 4-hit 
shift registers* 
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Timing Cong ideiati cke ; 

It take micxoecconde to load the buliei 
under a data channel operation and about 40 seconda 
in direct program control. 
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CI-IApg£B lY 
CCK CIUSJOHS 

in interlace lor 256 element array has teen designed 
■with Sl'L gates and llip-llops. Initially an interlace lor 
16 element array is lahricated, providing scope lor expansion 
lor 256 element array. Extended ftontrol Logic Bui lers and 
j^ddrese Decoder circuits are required lor expanding to 256 
element array. 

iince the appropriate hardware leatures on IBM 1800 
were not available, the interlace has been tested vjith the data 
entry through switches. Both Eandom, Sequential loading 
modes have been tested. The cables used lor bringing out the 
outputs must be twisted pans ( signal and ground ) ol wires. 

It is expected that a working radar unit will have 
in the neighbourhood ol one thoueand points in. the array , 

The major problems involved in designing interlarje lor 
larger arrays are discussed below: 

1. The need to transmit a large amount ol data 

(1024 bits lor 256 element array, 4096 bite lor 1024 element 
array ) within a short per iod , typically 1 millise cond 
(Chapter II Timing Gonsiderations) . Since we typically get 
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a ■woxd oui oi a coiaputex in 4 mlciosecoods^ -we need 
cornputex 'With laxgex num'bex of "biisg pex woxd. If we ass-uiae 
a speed of 4 micr ose conde pex IS-bit woxd, in the one 
millisecond infexvel, duxing which huffexe axe loaded sexially 
and then ehiffed info the phase shiffex Eegietexe, 250 woide 
can he txansfexxed fxoni the computex to the axxay of Eegistexs^ 
Viith two woxde fox contxol Segietex input and the last woxd 
fox display data, only 247 woxds axe available fox Phase 
Commands (3952 hits). We find that data fox a 1024 element 
axxay, can not he txansniitted within 1 millisecond, 

2. Ae explained in Chaptex II undex ’’ixxay of xlernent 

Eegistexs’ data txansfex fiom all huffexs to coxxesponding 
phase shiftexs is accomplished simulta ne ously wit h a single 
Pulse. Pox a 1024 element axxay, the huffex must pxovide 
a fan out of 4096 .(ETL) load units. Pox the 256 element 
axxay using IC huffexs about 90 chips axe xequixed. Pox the 
1024 element axxay about 370 chips axe xequixed, gust to 
incxease tha fan out of the ’Bang Command’ . jiltex natively 
one can achieve necessaxy fan out efficiently by using 
desciete compone nt buffei .amplifiexs. It is- expected that 
one such buffei amplifiex can dxive 100 cixcuits. It ■wili 
be necessaxy to use fast switching txa ns ist or s ec that fall 
times will be less than 100 nanoseconds. 
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Eimilax arrangement of heavy Toulfering will be 
required for driving from the *Data Register* lor 1024 
element array,. Each buffer between the Data Register output 
and the input to 256 flip-flops, must provide a fan out of 
256 load (E.l.l.) unite, 

3. Since all the outputs and their complements of 'Phase 
Shifter Registers' are to he brought out, there will be a 
large number of output lines ( 8192 lor 1024 element 

array ) each of which carries pulses with rise and fall times 
of the order of 10 to 100 microseconds ( all occuring at the 
same time ). To eliminate crosstalk, multicore flat cables* 
are desirable. Stage delays in RTLs which are of the order 
of 20 to 30 nanoseconds will not effect the performance of 
the interface even if a lew more stage delays are added when 
constructing the 1024 branch decoder . 


* The flat cables used in IBM 1800 consist of 24 pairs 
of parallel signal and ground conductor strips 
insulated by plastic* 
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